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INTRODUCTION
The mubsurface envirormment has been utilized for many years for disposal of hquid wastes. Tn Kansas,
oillield banes have been imeeted inlo formabion conlaining nalurally oceoming mingralized waler since
the 1934°s and mndustrial wastes have been injected into deep disposal formations since 1950's, The
peneration of waste is an unaveidabic result of the manufacturing and industrial processes which
praduce thousands of the products we use every day. Industry continues to reduce wrasts by recycling
and wasle minimizallon activilics, bul there are still waslc which require disposal. There are many
ervironmentally scund disposal mathads meluding incingration; hclogical or chemical treatment,
property localed and constructed landGlly; and for cortain wastc, disposal through injocction wells.

After several incidents nationwide involving pollution was traced to the wee of injecton welly, 1L was
realized injection activities could contaminale groundwaler 17 nol condustied smder slncl conlrals. This
realization promoted Congress to develop the Federal Underground Injectian Control {LTIC) program
ag a part of the Safe Drinking Water Act (SDWA) of 1974, 1L should be noted the Slate of Kansas

has regolated the mpection of i} Held brines sinee 1930 and indostmial wastes since 1950', The
Envirunmental Proleetion Agency (EPA) has detegated primary, regulatory autharity for the federal
program to those state agencies that have demenstrated an ability to implement a ULC program that
mects BEPA requitements promudgated under the SDWA. These states are referred to as Primaey
Stafes.

The Kinsas Nepartment of Health and Environment (KDHE) received primacy tiom EPA in December
19383 10 wiminister the UIC program in Kunsas for Class [, 1, [V, ¥V wells. Kansas Administrative
Regulations (K. AR} 28-46-1 through 28-46-44, in addition to KDHE Article 43 specifically
concemmg Class W wells, governs these classes of UIC wells in Kansas.

The purpose af the UIC pregram is to prevent contamination of fresh and usable groundwater supplies
by injection activilics and 1o conserve walcr resources, o Kansas, approximately 90% of the water
used s supplisd from growndwater. The major contamination problems in Kansas are from sources
associated with human activily. The groundwatcr supply can be last for use if not adequately protected
from comtamination. The most effective method of protecting groundwater supplies is to prevent
conlamination. Prevenlion is much morc cost effective, and has betler results than cleanup activites,

This document his becn printed only as an overview of that part of the KDHE TIIC program
addressing Class [ injection wells. It is not intended to be an all-inclusive listing of requirements or
conditions for Class I industrial waste disposal wells. This document may not be used as evidence in a
court of law, Many of the requirements listed have been taken from the official Kansas Administrative
Eepulations publication. The permit application, policies, puidance, statwtes, and roles and repulaiong
and specific requirements for Class I waste disposal wells are available ot KDHE.



DEFINITIONS

A well means a dug hole or bored, drilled or driven shaft whose depth is greater than its largest surface
dimension or an improved sinkhole, or a subsurface fluid distribution system.

Well [njection means the subsurface emplacerment of fluids through a well.
Injection well 18 a well mio which fluids are injected.
A fluid is defined as any material that flows or moves, whether it is semisolid, liquid, sludge or gas.

As mentioned previously, the UIC program categorizes injection wells into five classes of wells, These
are:

Class I. Wells used to inject hazardens wastes or dispose of industrial and municipal fluids beneath the
lowermost formation containing, within one quarter (1/4) mile of the well bore, 8 source of fresh or
usabie water.

Class I: Wells used to imject fluids associated with the production of oil and natural gas or
fluids/compounds used for enhanced hydrocarbon recovery. These wells normally inject below the
lowermost fresh or usable water bearing zone except in cases where thiz zone of hydrocarbon
producing. These wells are regulated by the Kansas Corporation Commission. The contact for the
KCCis (316) 337-6197.

Class IIT: Weils which inject fluids for the exiraction of minerals.

Class IV: PROHIBITETD: Wells which dispose of hazardous or radioactive wastes into or above a
fresh or usable water bearing zone. These wells are prohibited by KDHE regulation LA R, 28-46-4,

Class V: Wclls not included m other classes. Typically Class V injection wells are shallow wells used
to place a variety of fluids helow the land surface.

Injection inte a Class I, Il and certain types of Class V wells require obtaining a permit from KDIIE
prior to construction. Some types of Class ¥V wells are not allowed by KDHE. As stated previousty,
injection into a Class IV well is prohibited in Kansas. Injection into a Class IT well requires obtaining a
permit from the Kansas Corporation Commission.

The subject of this document is that part of KDHE's UIC program addressing Class 1 industriat
wastewater disposal wells.



INVENTORY

The number ol Class I wells currently carried on KDHE's inventory as of January 1, 2003, are shown
in Table 1. The inventory includes active wells, well permitted bur not yet constructed, plugeed and
abandoned wells, well converted to other uses and well reclassified as a different Class of injection
well.

TABLE | - CLASS I WELL INVENTORY

Thirty-nine of the active wells recerve nonharardous waste and five wells receive hazardous waste, The
five wells receiving hazardous waste are at one facility located a few miles southwest of Wichita,
Kansas. T'he wells parmitted but not construeted are nonhazardous waste disposal wells.

LOCATION OF CLASS I INJECTION WELL FACILITIES

There are currently twenty-five industrial facilitics located in Kansas which utilize a total of [orty-[our
Class [ wells for the disposal of industrial waste. The location of these facilities is indicated on Figure L.

Figure 1
CLASS I FACILITIES
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DESCRIPTION OF WASTE DISPFOSED

The use of Class I disposal wells are considersd by KDHE only for those wastes that cannot feasibly

be treated, stored or disposed by other methods. The KDHE Bureau of Water Policy Memorandum
#91-1 outhnes the policy for determining the types of waste that are eligible for disposal throngh Class [
disposal wells. A copy of this policy memorandum is attached.

Class I industrial waste disposal wells in Kansas are used at the following types of facilities:
hydrocarbon storage in solutioned salt cavities; meat packing plants using hide curing and/er tanning
processes; chemical manufacturing plants; salt solution mining facilities; solid waste landfill for disposal
of leachate; natural gas eornpressor stations and natural gas fractionation plants. Some common wastes
disposed include cooling tower blowdown; boiler blowdown; contaminated stonmwater runoft;
contaminated groundwater; waste brines from hydrocarbon storage well, hide curing and salt solution
mining cperations and chemical process wastes,

The volume of waste injected for each type of industry for calendar year 2002 is shown in Table 2.
Volumes include recovered contammated groundwater. Figure 2 shows the percentage of waste
injected by industry type.

Table 2.
¥olume Waste Injected Per Industry Type in 2002

Type Landfill Compressor Hydrocarbon Meat Salt Chemical
Industry Plants Storage & Packing Plants Plants
Fractionation
| Dot et gy (TG, MG {Temeve, Ferycllgas, Kansas {IBF, Achn Bdarrally [HASLC, [ Air Prosdues,
Uias ek, Withimm, Mrrra) Ak, Fartrilaosl,
Erch, KCILA, OWECH Sheroan Williama,
Phillipe} ki)
Yolume 11 13.9 2R1 79.4 423.7 1268
{million '
pallons)

Percent 0.5 0.8 ' 13.5 38 20.4 &1




Fipure 2.

VOLUME INJECTED BY INDUSTRY

| Sat 20.4% 4237

" Meat Packing 3.8% 79 4 e

%% | H.C. Storage 13 5% 281
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y | Lanfil 0.5% 11

Chemical 61.0% 1268

[Inits = millions of gallons



The total volumes of wastewater injected through all Class [ disposal wells combined (or
calendar vears 2000, 2001 and 2002 are shown in Table 3. Tigure 3 shows these data graphically.

Tahle 3
lLotal Volume of Wastewater Injected
Y oar 2000 2001 2002
Volume Injected 3.01 222 208
(Billion gallons/vear) |

TOTAL YOLUMLE INJECTED THROUGH CILLASS I WELLS
Figure 3.

2000 2001 2002

Volume Injected (Billion gallons/year)



SITE CHARACTERISTICS NECESSARY
FOR A CLASS I DISPOSAL WELL
TO PREVENT ENDANGERMENT OF HUMAN
HEAT TH AND ENVIRONMENT

The proposed site for this location of a Cllass [ disposal well should be at the mipimum have the
following characteristics to be suitable for the injection of wastewater. The mjection of wastewater shal]
not endanger public health or the fresh and usable waters, soils or mneral resources.

i, Injeclhion mierval suMciently ihnck, wath adequale porosily and pemmcability 1o accepl waste st
the proposed injection rate without necessitaiing excessive intection pressures.

b. Injection interval of large enough areal extent so that injection pressure is minimized and so that
imjection waste will not reach discharge areas.

c. Injoction interval preforably “homogencous”™ (without high-permeability lensc or streaks), to
prevent extensive fingering of the waste-ve-formation water contact, which would make
adequate monitoring of waste movement extremely difficult or impossible.

d. Owverlying and underlying strata {confining beds) sufficiently thick and impermeable to confine
waste to the injection interval.

e Structural geclogic conditions generally simple; that is, a site reasonably free of complex faulting
and folding.
f. Site 15 an area of munor to moderate earthquake damage and low seismic activity so that the

hazard of earthquake damage or triggering seismic events is minimized.

g, Slow lateral movement of fluid in the injecticn interval, under natural conditions, to prevent
rapid movement of waste away from the injection site, possibly to a discharge area.

h. Formation-fluid pressure nommal to low so that excessive fluid pressure is not needed for

mjeclion.
i. Formation temperatire normal to low so that the rates of undesirable reactions are mimmzed,

ineluding corrosion.

iR Wastewater compatible with [ormation flinds and minerals or can be made compatible by
treatment, emplacement of a bufler zone or other means.



k. Formation water in the disposal formation of no apparent value, 1.e., not potable, unfit for
indusmial or agricultural use, and net containing minerals in economically recoverable quantities.

1. Injection interval adequately separated from fresh and usable water zones, both horizontally and
vertically.
m. Waste injection does not endanger present or fulure use of mineral resources (coal, oil, gas,

brine, others).
n. Waste imjection does affect existing or planned pas-storage or freshwater-storage projects.

0. Neo unplugeed or improperly abandoned wells penetrating the dispesal formation in the vicinity
of the disposal site, which could lead to contamination of other rescurces.

p. Accept fluid without the use of pump pressure.

DESCRIPTION OF
DISPOSAL FORMATION IN KANSAS

For most areas of Kansas, except in the southeast part of the state, the formation maost suitable for the
disposal of industrial wastewater 1s the Arbuckle Gronp. The Arbuckle rocks are Ordovician in age
(approximately 440-500 rm1hion years old) and originally consisted of limestone. The Arbuckle now
consists generally of dolomite. Ower time, diagenetic alteration from lime to dolomite has ocowred.

Dolomitization has resulted in inereased poresity. This dolomite has also undergone dissolution during
cycles of uplifiing and erosion. Walters {1958) indicated basement tectonics probably controlled
development of an extensive joint system in the Arbuckle dolomite. Cireulabion of meteoric water
through the fractures ultimately developed a cavernous porosity. The Arbuckle in most areas is capable
of accepting significant volumes of liquid under “pravity™ flaw {350+ gpm).

Other formations currently used for Class [ disposal in Kansas are the Topeka and Shawnes Group.
The Cedar Hills Formation was utilized for disposal in past years but is not permitted for new Class I
disposal wells per KDHE, Bureau of Water, Policy # 90-3 because of the potential for an undesirable
pressure build-up in the formation and questionable confining units in many areas of the state. A copy
of this policy memorandum 1z attached. The Topeka, Shawnee Group and Cedar Hills generally have
low permeamhty and accept only limited velumes of liquid under gravity flow.



Figure 4 is generalized rock column section for Kansas.

e

A ity

¥xang,

v

]

i

ECAMBRIAN

o

*lourproaddy

o

A

o
o
a

o
2
™

5044

R TG

A -
-

al Fear

1004
EXFL_ANATION

aimagank
Mamn 1ama

L

Charty
Oalam s

H
H
i
h -

ssissippian are

Immarphie
rldkid

Gl g gy
Fpa
LA
F.,."’,I"" Iqnuwis onal
M m s ma

20703 7vd

HA TR A I 1]

TR 5]

oIy

HY¥ Idd

55 GaT

j

P Jamint IRy

wbein

Ry G AP

dnomy

[T11-JELR]

il

J0 NE

TYTHY 3d

R MV TISRR 3d

(Mo ER]

vinchoo )| o

(LI

dhdin kUG

g ton

L]

#AnIn PINREA

LT wneqomg

dremy aamupyy

o1y

A

. JIG7053A I Jpx
. w:.,.m__“n_:u E&uﬁwqmﬂ 55wy ] u:n:.m.mmu,u&
T "~ TR n H I ) [
|_m_..3u o mIg|e dho i O|ETED n_nu..“.-uun_ UOKIR|[DpEnEy Aoy __:.ujum_mﬂ Qe

1
m_m.muq 347

ugrppnrg

oG puriGop

_____._
" 1_ __"__

-q_._.

___#

ITHLA LS
N

il iy

m_ h _._.

R

Il
I r_

_._:..:

A
n_:

ﬂ___

i

Composite stratigraphic section of rocks in Kansaé, Beds older than Mi
known anly in subsurface. (Modified from Moore and others 1952)




]ﬂ:gure S5ica generallzed geologic mup of Kansas.
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Figure 5: A generalized geologme map of Kansas (from KGS “Kansas Rocks and Minerals,
1983)
Figure 6 is an east-west geologic cross-section.
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Figure 7 depicts the major structural features in Kansas.
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{From USGS Open-File Report 86-491)



Figure 8 depicts the principal aquifers of Kansas.

PRINCIPAL AQUIFERS OF KANSAS
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Figure 9 depicts the thickness and extent of the Arbuckle in Kansas.
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Figure 9: Extent and thickness ol Arbuckle aquiler. (From USGS Open-File Report §6-491)



Figure 10 depicts permeability values expressed in millidarcies for various locations as
determined by formation pressure fall-off test conducted on Class T dispesal wells.
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Figure 11 depicts the distribution of chloride concentration in the Arbunckle
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Table 4 and Figure 12 show the depths below ground surface for the 44 active wells.

Table 4
Total Depth Below Ground Surface
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SIGNIFICANT
REQUIREMENTS

DESCRIPTION

This section Lists only the more significant requirements for Class 1 indnstrial waste digposal wells and is
intended {0 give only an overview. This is not an all-inclusive listing or requirements. The permit
application, permits, policies, statutes and rules and regulations establish the specific requirements for
(Class 1 hazardous wastewater disposal wells. Many of the requirements are applied equally to both the
hazardous and nonhazardous water disposal wells. In most cases, KDHE dees not distingunish between
hazardous and nonhazardous water disposal wells because both inject wastes that have the potential to
endanger public health or the environment if not handled property, regardless of whether the waste is
hazardous or non hazardous. A copy of the KDHE Article 46- Underground Injection Control
Regulations is attached,

The requirements listed apply to both hazardous and nonhazardous waste Class I disposal wells unless
otherwisc noted.

A. Permifting Requirements
Injection wells shall not be constructed, and underground injection shall not take place, uniess

authorized by permit (K.AR. 28-46-25). A Class I hazardous or nenhazardous disposal well
shall not be constructed, and underground injection shall not take place, unless authorized by a
permit issucd by the KDHE, Bureau of Water. Flow charts depicting the permitting process
are included as Figures 13 and 14. A permit application can be obtained by contacting KDHE.
In addition, to inject hazardous wastewater, a petition for exemption from the Federal ban on
injection of hazardous wastewater must be filed with the Environmental Protection Agency
{EPA) and approval of the petition obtained from EPA. The EPA can be contacted at (913)
551-7584.

B. Construction Requirements
The well shall be cased and cemnented such that: 1) imjected fluids and injection zone or other

formation fluids do not cause deterioration of the water quality of fresh and/or usahlc water
zones, 2) the loss of fresh and/or usable water due to downward migration is prevented, 3) the
release of injected fluids into an unauthorized zone is prevented, and 4) appropriate testing
devices and workover tools can be used.

. The casing and cement used in the construction of the well should be designed for the
life expectancy of the well. (K.AR. 28-46-9 and K. A R. 28-46-29)

. New surface casing shall be set and cemented through ajl fresh and usable water zones
and any other zones detenmined necessary by the KDHE. {K.A.R. 28-46-9 and
K.A R, 28-46-29)



. New long stnng casing shall be set into the disposal zone and cemented from bottom to
surface. (K. AR, 28-46-9 and K A.R. 28-46-29)

. Injection shall be through tubing sct on a mechamcal packer immediately above the
injection zane and the annulus between the tajection tubing and the long string casing
filed with a liquid approved by KDHE. A pressure approved by KDHE shall be
maintained on the annulus. The tubing and packer shal! be designed [or the expecled
service. (K.AR. 28-46-9, K AR 28-46-29, and K.AR. 28-46-30)

A diagram showing a typical Class [ well and monitoring devices is included as Figare 14,

C.

D.

Operational Requirements

The well shall be operated in a manner that does not endanger public health or the environment.

. Wellhead injection pressure is limited to “gravity” flow and shall not cxceed 35 peig at
the wellhead. The maximum operating pressure shall not exceed the fracture pressure.
{K.AR. 28-46-28)

* The injected fluid shall meet minimum pretreatment requirements set by KDHE to
prevenl conlamnation of underground sources of drinking water supplies; to protect the
public hezlth; to take into account environmental considerations and to render injected
flid compatible with the injection tubing, casing, and the disposal inforniation. The
wastewater stream shall be compatible with the well materials with which the wastc is

expected to come inte contact and with the confimmng and injection zone material.
(K.AR.28-40-24 and K.A R.28-46-30)

. The well shall not be eperated m a manner that allows the movement of fluids containing
any contaminant into underground sources of drinking water. (KA R 28-46-27)

Menttoring & Reporting Reguirements
The operation of the well must be menitored to ensure comphance with the rules, regulations

and permit requirgments and to demonstrate the well 15 operated in a manner that does not
endanger human health or the environment,

. samples and measurements taken for the purpose of monitoring shall be represeniative
of the activity being monitored. (K. A R.28-46-6 and K. A R 28-46-30)

. All analyses of the injected wastewaler required by the permit shall be condueted by a
Kansas certified laboratory. (K.A.R.28-46-43)

» The injected fluid shall be analyzed with sufficient frequency to yield representative data
of the characteristics. (K. A R.28-46-9 and K.A R. 28-46-30)



. Both continucus recording devicss and gauges shall be used to monitor injection
pressure and the pressure on the annulus between the injection tubing and the longstring
casing. (K.AR.28-46-9 and K. A.R. 28-46-30)

- The annuius hquid level shall be monitored by the use of an annulus seal pot.
(K AR 28-46-9 and K. A.R.28-46-30}

. The injection volume shall be monitored by use of a flow meter or continuous recording
device. {K.A.R.28-46-9 and K.A R.28-46-30)

. The monitoring of the pressure buildup in the injection zone shall be conducled annually
including, at 2 minimum, a shut down of the well for a time sufficient to conduct a valid
observation of the pressure fall-off curve. {K.A.R.28-46-30)

. The static fluid level of the injection interval shall be measured annuzlly using a method
approved by KDHE. (K A.R.28-46-9)

» A monthly monitoring report using a form approved by KDHE shall be submitted to
KDHE no later than 28 days after the last day of the month for which the monitoring
data are being reported. (K.A.R.28-46-9, K.AR.28-46-12 and K.A.R.28-46-30)

+ The monthly monitoring report shalt include all data required by the permit. Ata
minimumn, this shall include daily inspection readings of injection pressure, annulus
pressure, injection volume, injection rate, annutus seal pet liquid level, maximum and
minimurn values for the daily reading of injection flow rate and volume, welihead
annujus pressure. The total volume of liguid injected for the month shall also be
reported. In addition, the mamamum and minimum values determined from review of all
of the continuous recording data for the month shall be reported. (K.A.R.28-46-9 and
K.A R.28-46-30)

Mechanical Infegrity

It is necessary to periodically test the injection well components to demonstrate there is no
significant leak in the disposal well components (internal mechanical integrity} or significant fluid
movement through vertical channels adjacent to the well bore (extemal mechanical integrity).

The test shall be conducted when KDHE helieves continued use of the well constitutes a treat

to human health or environment. When it has been demonstrated that there is no sigrificant
leakage in the well compeonents or no significant flnid movemnent adjacent to the wellbore, the

well is said to have mechanical integrify.



There are two separate parts of mechanical integrity. Part 1 mechanical integrity is
demonstrated when there i3 no significant leak in the casing, injection tubing or the packer,
Part 2 is demonstrated when there is no significant fluid movement through vertical channels
adjacent to the borehole.

A mechanical integnty test (MTT) plan and schedule shall be submitted to KDHE for review
and approval prior to conducting an MIT. No testing shal| commence untii plan approval has
been obtained from KDHE. (K. AR.28-46-9). Specific gutdelines for test procedures can be
obtained by contacting KDHE.

Significant reqmrements for mechanical integrity are as foliows:

Part 1 Mechanical Integrity

. A hydraulic pressure test of annulus between the casing and tubing shall be conducted
at least once every five years for norhazardous waste injection wells and at least once
annually for hazardous waste irgection wells, (K. A R.28-46-33)

» The test pressure must be a minimum of 150 psig and the test must be at least one hour
n duration. Local geology, hydrology, waste characteristics or well design may
necessitate a higher test pressure, A pressure loss equal to or less than 5% of the
original test pressure is a satisfactory test. A pressure increase greater than 5% is
unacceptabie and may indicate the well is not i thermal equilibrium and is censidered a
falure. (K.A R .28-46-33)

. For hazardous waste wells, a casing inspection log shall be conducted on the longstring
casing at lcast once every five years. (K.A.R.28-46-33)

. For hazardous waste wells, a check of the hottom hele cement shall be conducted
armually by use of a radioactive tracer or oxygen activation log. (K.AR.28-46-37)

Part 2 Mechanical Intesnity
. A temperattie log ot oxXygen activation log shall be conducted at least once every five

ycars.



Plugging and Closure

At the end of the useful life of the well or when determined necessary by KDHE to protect
public health or the environmment, the well shall be properly plugged. The well shall be plugged
i & manner that is protective of public health and the environment. A plan for plugging the well
shall be maintained on file with KDHE. Pror to commencing plugging, an updated plugging
plan shall be subtmtted o KDHE for review and approval. Mo plogging work shall commence
until plan approval has been obtained from KDHE. Detailed guidelines and requirements for
developing a plugzng plan and for procedures can be obtained by contacting KDHE,

Significant requirements are as follows:

. A MIT shail be conducted on the well prior to plugging to determine the presence of
any problems that might affect the plugging eperation and to determine the need for
remediation. (K.AR.23-40-34)

. Remove the tubing and packer from the well. (K.AR.28-46-34)
. A cement bond log, gamma ray-neutron log and any other logs determined necessary

by KDHE shali be conducted to determine the need for remedial cementing before
commencing the plugging operations. (K.A.R.28-46-34)

. For a hazardons Class 1 well, the well shall be flushed with a buffer field. (K. AR 28-
46-34)

. The injection interval shall be squeczed with cement. (K AR.28-46-34)

. Fill the casing with cement. (K.A.R.28-46-34)

. Leave some casing above ground surface, Weld a metal plate on the casing inscribed

with the Kansas UIC pernit number and the date the well was plugged.

. Submit a map showing the tri-coordinate location of the remaising wellhead propared
by a licensed professional land surveyor a professional engineer licensed to praclice in
Kansas.

. For a hazardous Class I well, submit a survey plat to the local zening autherity

designated by KDHE. This plat shall indicate the tri-coordinate location of the well
relative to permanent benchinarks. (K AR.28-46-34)



For a hazardous well, provide appropriate notification and information to the Kansas
Corporation Commission and locat authonities that have cogmzance over drilling
activities to enable such authorities to impose appropriate conditions on subsequent
dnlhing activities that may penetrate the well’s confining or injection zone. (K. AR 28-
46-34)

For hazardous wells, the owner of a Class [ hazardous waste injection well, and the
ovwner of the surface or subsurface property on or in which a Class I hazardows waste
myection well 1s located, must record a notification on the deed to the facility property

or on seme which is normally examined during a title search that will notify any potential
purchaser of the following information. {K.A.R.28-46-34):

a. The fact that land has been used to manage hazardous waste;

b, The name of the State agency or local authority with which the plat was filed, as
well 2s the address of the KDHE office to which it was submitted;

C. The type and volume of waste injected, the mjection interval into which it was
injected, and the period over which imection accurred,

Submit a plugging report with related detatls to KDHE within 30 days of completing the
plugging operation on a form provided by KDHE. Document the work done with
appropriate service company cementing reports and “day” reports. (K.AR. 28-46-9

and K.AR. 28-46-34)
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Figure 14 - TYPICAL CLASS I WELL DESIGN
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